Treatment of Club Foot [Abridged] Mr John M P Clark (The General Infirmary, Leeds)
Early Detection and Management of the Unreduced Club Foot
The argument on which the present management of club foot is based is the contention that the condition is a complicated congenital dislocation of the midtarsal and subtalar joints. The aim of treatment is to reduce these dislocations and to maintain the reduction so that a normal weightbearing mechanism is provided for the foot. As in other congenital dislocations, it is essential that an early and complete reduction be obtained, retained and checked by serial radiographs during the growth period.
The majority of orthopedic surgeons have been content to judge the treated club foot on its appearance, apparently in the hope that a cosmetically acceptable foot will be a normally functioning foot. But the architecture of the foot must be restored to normal or the deformity will 'relapse' because the weight-bearing structure of the foot is not normal and so the growth of the constituent bones will not be normal.
The normal foot is designed with a lateral part functionally specialized as a static, stabilized, supporting organ and a medial part destined to be the elastic, mobile, dynamic organ of propulsion. The posterior pillar of the lateral portion of the foot is the calcaneus which cannot function correctly in equinus. The lever for dynamic weight-bearing and forward push-off is the talus, navicular, cuneiforms and medial metatarsals. The aim of treatment, therefore, is to restore this lever as a competent medial ray of the foot.
In any congenital dislocation the osseous components are always held within deformed joint capsules. At the time of foetal life when the. cartilaginous anlage separates out, the consequent bones are determined in a normal relationship to each other. It is a working hypothesis that, from then on, growth of bone in the club foot preponderates over growth of soft tissue and causes thedislocation but does not induce an intrinsic defect in the bones. So long as this be true, reposition of the bones ought to foster normal bone growth, always provided the previous tether has been eradicated. The chief deforming element, actively or passively, is tibialis posterior because it produces medial dislocation of the navicular from the talar head to the medial aspect of the talar neck and closure of the angle between the long axes of the talus and calcaneus.
Osseous Relationships in the Infant's Foot
In 1955 Davis & Hatt published a paper on the radiographic analysis of congenital deformities of the foot. In the tarsus at birth only the talus and calcaneus are ossified. The anatomical analysis at birth is therefore a description of the relationship of these bones to the metatarsals and to one another. The departure made in Leeds from the specification of Davis & Hatt is to relate the position of the bones of the foot to function and consequently the exposures are made during weight-bearing in a standardized position using a translucent splint. The angle of the leg part of the splint is adjusted so that the shadows of the leg bones shall not be superimposed on those of the foot. The child's foot and leg are secured in weight-bearing in the splint which can be regulated for size by means of spring glands, screws and. Velcro straps. In the anteroposterior view of the normal foot the midtalar line projects forwards to the head of the first metatarsal and the shafts of the metatarsals are almost parallel. In the anteroposterior view of the club foot the midtalar line projects forwards lateral to the first metatarsal (usually to the fourth) and the shafts of the metatarsals converge. In the lateral view of the normal foot the midtalar line projects along the shaft of the first metatarsal and the midtalar line and midcalcaneal line form an acute angle. In the lateral view of the club foot the midtalar line forms an obtuse angle with the line of the shaft of the first metatarsal and the midtalar line and midcalcaneal line are almost parallel (Figs 1 & 2). These findings confirm the statements of earlier authors that in club foot the hind foot is relatively little disturbed and the preponderant dislocation is at the midtarsal joint. Nevertheless reduction of the displacement of the whole triple joint will be required.
Manipulation and Staged Strapping
The foot needs to be gently unscrewed by correcting each of the three elements of the triple deformity separately in order to ensure that the correction of one element is not at the expense of another. The first stage is reduction of the adduction of the forefoot keeping the hind foot in full equinus. Attempts to correct adduction and equinus at once will only render the contracted tibialis posterior even tighter. Once the forefoot is corrected then the inversion and equinus deformities may be tackled. Clinically the competence of the medial ray of the foot may be judged by obliteration of the crease on the medial side of the foot and sole and by the loss of telescoping of the medial side of the foot under proximal longitudinal pressure applied to the first metatarsal. Correction and radiographic verification ought to be obtainable by the end of six weeks.
It is best that the infants be seen at a separate club foot clinic, attended personally by a consultant, so that the parents may intermingle and compare progress with that of fellow members of the group. Such parents will be much more likely to accept the idea of open reduction when they have assessed the post-operative change in the feet of other people's children with whom they have become familiar.
After six weeks of conservative treatment in the new-born, or as soon as the diagnosis is made in older children, irrefutable radiographic evidence of persistence of the triple displacement is a signal for open reduction.
Tether Manipulative treatment continued in spite of positive radiographic evidence of dislocation will be destructive to the cartilage models, whether performed quickly by manual or instrumental force or slowly by the use of serial plasters. The medial tether is inextensible and consequently no hope of stretching such contractures by further physical treatment or manipulation ought to be entertained. The presence of a contracted band in a growing part must mean slow, inevitable, progressive deformity commensurate with the rate of growth. Refusal to accept the primary role of inextensible tether in progressive deformity will lead to false corrections, compression of cartilage models to be perpetuated in the endochondral ossification which follows. During manipulation the tether acts as a nutcracker on the constituent cartilage models. Persistent use of the nutcracker will produce a stunted, stiff, misshapen foot of little functional value on the end of a pipestem leg. The skin incision extends from calf to sole and exposes the tendon of tibialis posterior passing under the medial retinaculum of the ankle to the navicular, the long flexor tendons of the toes and the neurovascular bundle. The tendon of flexor digitorum longus is lengthened proximal to the medial retinaculum and the sole is filleted from the medial longitudinal arch. The tendon of tibialis posterior is lengthened proximal to the medial retinaculum. The anterior fibres of the deltoid ligament of the ankle and the plantar calcaneonavicular ligament are divided as they pass forward to the navicular. The head of the talus will now come into view. The navicular is shifted forwards and the long plantar ligament and the inferior and medial calcaneocuboid ligaments are divided.
Section ofOrthopaedics
The medial retinaculum is now turned up to expose the tibiocalcaneal fibres of the deltoid ligament which descend perpendicularly to the whole length of the sustentaculum and are divided. As the capsule of the subtalar joint is opened the inverted calcaneus will fall into the weight-bearing line of the talus and consequently that of the ankle mortise. The soft tissues of the lateral aspect of the neck and body of the talus are cut to complete the separation of the calcaneocuboid ligaments. The talar head is thus fully exposed. After opening the subtalar joint, the interosseous ligament between the talus and calcaneus is visible and must be preserved because it carries an essential blood supply to the two bones. Z-lengthening of the calcaneal tendon is done and the medial portion of the tendon is dissected off the medial aspect of the calcaneus. The tendon of flexor hallucis longus is divided. After full correction the tendons of tibialis posterior and the long flexors of the toes are threaded back through the tunnels in the medial retinaculum. The tendons are repaired and the skin closed. The foot ought to lie easily in the corrected position and the skin ought to be suturable without tension to avoid subsequent skin necrosis. No manipulation is required and the foot is supported on a splint for a fortnight until the skin is healed. Then a below-knee plaster is worn for four months.
Results
During the past ten years one hundred congenital talipes equinovarus feet have been under treatment at the club foot clinic at the Leeds General Infirmary (Table 1 ). This figure does not include examples of arthrogryposis nor the paralytic feet associated with spina bifida cystica. Some of the feet to be considered were first seen after treatment elsewhere and some were under surveillance having already undergone conservative or operative treatment other than the medial release. Itwas from the success of the medial release as a salvage operation that its use for a definitive correction was gradually shifted nearer and nearer to birth. The present indication for the operation is failure of conservative treatment at the end of the sixth week of life.
Twenty-three feet were fully corrected after staged strapping but 77 required medial release. Of the 42 feet which were not corrected on Denis Browne splints, 12 had also failed to react favourably to a Dwyer calcaneal osteotomy. Only 35 of the 58 treated with staged strapping required medial release, whereas all those treated on Denis Browne splints eventually came to medial release. At the age of 18 months 57 % of the staged strapping feet requiring medial release had been done and at 4 years 94%. It will be noted that the definitive correction is attained during the preschool period and only surveillance during the remainder of the growth period is needed. At 18 months only 12 % of the Denis Browne splint feet had received final correction by medial release and at 4 years only 64%, leaving a further 36% still short of normality or accepted as failures.
Five feet treated by the strapping and medial release method are left out of the assessment because they are still in plaster. One child of the Denis Browne splint group can no longer be traced. Of the 77 feet subjected to medial release 71 have been assessed clinically and radiographically: absolute correction has been achieved in 40; of the remaining 31 the residual defects have been accepted as functionally minimal or beyond salvage until the end of the growth period. Staged strapping by itself fully corrected 23 feet and medial release a further 30, so that 53 out of an assessable 94 feet are in a wholly normal state. This figure includes the salvaged feet of the Denis Browne splint group and those that had operations other than medial release. With the continuation of the present policy of early medial release after failed staged strapping at 6 weeks of life, the percentage of feet to show absolute correction is expected to rise materially. (Evans 1961) . I would like to stress that the method of treatment was not for all club feet but for those cases where in older children the skeletal deformity had become too fixed to permit full correction by manipulation or the release of contracted soft tissues. These late cases present a difficult problem and it has come as a relief to me to find, as a result of fourteen years' follow-up, that this operation is a definitive method of treatment which satisfies the parents, enables the child to participate in all physical activities and eliminates the need for a triple arthrodesis.
MorbidAnatomy
The morbid anatomy is not constant. Much the most common skeletal abnormality is a dislocation of the talonavicular joint but in recent years I have found a small number of cases where the talonavicular relationship is normal and the displacement is at the naviculocuneiform joint. This does not affect the treatment, but it does throw doubt on the theory that the skeletal deformity is always secondary to short muscles. The soft tissue abnormalities are numerous and there are variations in differentiation of tendons, in the elasticity of muscles, and in the density of the tissue which occupies the space between the head of the talus and the displaced navicular, which explain the resistance to manipulation offered by some feet even in the new-born.
The correction of the essential skeletal deformity of tarsal dislocation is hindered by (1) contracture of soft tissues on the medial and posterior aspect of the foot and (2) adaptive changes in the shape of the bones. In a baby the more important of these is the contracture of the soft tissues but in the older child both factors must be considered. The contracted soft tissues must be divided but in addition the bones of the foot have become fixed and deformed. If the sole of a club foot in a child aged 3 or 4 years is examined, it is seen to be curved, with a long convex lateral border and a short concave medial one. Thus the lateral pillar of the foot is longer than the medial and this overlong lateral pillar reproduces the deformity even after the contracted soft tissues have been released. This lateral pillar therefore needs to be shortened. The only site at which this can be done effectively is at the calcaneocuboid joint which is adjacent to the talonavicular joint where the medial pillar has to be straightened. When the lateral border has been shortened at the calcaneocuboid joint, the talonavicular dislocation will become reduced after it has been freed by division of the contracted soft tissues.
Operation
The essential points of the operation are: (1) Release of all soft tissues on the medial side of the foot which prevent full movement at the talonavicular joint. (2) Release of all soft tissues at the back of the ankle which prevent full correction of the equinus. (3) Wedge resection of the calcaneocuboid joint.
It is important that full correction of the equinus, which may be difficult, is obtained before excising the calcaneocuboid joint. The excision of the calcaneocuboid joint must include the removal of exactly that amount of bone which is necessary to correct fully the deformity of the foot. I believe that this operation is sound in principle for the following reasons : (1) It is specific. It will not correct any other type of equinovarus deformity.
(2) It corrects all elements of the deformity including the varus of the heel. The small inverted heel becomes more prominent and more normal in shape as it swings into valgus.
(3) It can correct gross deformity even at the age of 16 years. (4) The reverse procedure, i.e. lengthening the lateral pillar of a normal foot, should and does produce a club foot. Similarly, this lengthening will correct a calcaneovalgus foot if the deformity is not excessive.
